I. Introduction
The equilibrium properties of atomic oxygen and nitrogen plasmas have been extensively studied for a large range of temperature and pressure 1 . Less work exists on the non L.T.E. properties of these plasmas, despite the fact that in many laboratory conditions the plasma is far from L.T.E. conditions. Park considered collision dominated nitrogen plasmas, in which the ground state density was taken as an independent parameter, while Catherinot and Sy 3 recently extended Park's calculations including diffusion effects. Oxygen plasmas have been treated in the cascading radiative model by Julienne et al. 4 and some of these authors 5 extended the calculations to include the collisional processes, limiting however their study to recombining plasmas. Their results apply specially when excitation from the ground state can be neglected (kT,, ^ 0.5 eV). More recently Cacciatore and Capitelli 6 studied the transient behaviour of oxygen plasmas, pointing out the importance of the metastable 3s 5 S state in affecting the temporal evolution of the population densities of the excited states.
In this work we examine the behaviour of quasistationary oxygen plasmas, i. e. of plasmas for which the temporal derivatives of the population densities of the excited states can be neglected compared to that of the ground state. These conditions allow the definition of the so called collisional radiative recombination (a) and ionization (5) coefficients, which are indeed of great importance for a prediction of the evolution of the electron density in a plasma. The results, which refer to electron densities ranging from 10 8 to 10 16 cm -3 and to electron temperatures k T = 0.5 -1.5 eV, will be discussed in connection with the adopted plasma model and with a selection of the cross sections for allowed and forbidden collisions. Moreover the influence of the two low lying excited atomic oxygen states (i. e. 2p 4 J D, 2p 4 1 S) on the a and S coefficients will be examined.
Non L.T.E. Oxygen Plasmas
The non L.T.E. properties of optically thick atomic oxygen plasmas [O(i), 0 + ( 4 S) and electron e] can be deduced from a system of coupled differential equations of the type 7 dn-Jdt = nr 2 n j + n <? Kri 
The Xij and ^ parameters are related to the processes of photo-absorption and photo-ionization, respectively, and they characterize the plasmas as optically thin for = = 1 and optically thick for 0^^,/iCL 8 .
The plasma will be moreover defined as a recombining or an ionizing one depending on y(t) >0 (dne/dt<0) or y(t) <0 (dnjdt >0), respectively 7 .
Solution of the system 1-2 can be obtained once the number of quantum levels belonging to the plasma has been defined. Figure 1 shows the schematic energy diagram of the levels utilized in these calculations. We have considered the two low lying excited levels 2p 4 2p 4 *S and the ns 3 S, ns 5 S, np 3 P, np 5 P ... up to n = 6. Above this principal quantum number, the levels have been coalesced in different groups up to n = ll. Moreover we have also included the 3 s' 3 D° and 3 s' 1 /) 0 states, which belong to a different configuration of the core electron.
Both the energies and the statistical weights have been taken from Moore's tables 9 with the missing energies estimated by extrapolation techniques. The collisional rate coefficients appearing in Eq. (1) have been obtained by means of Gryzinski's theory for allowed and forbidden transitions 10 ' n , while the radiative coefficients have been taken from different sources (see Reference 6 ). The radiative re- 
Quasistationary Oxygen Plasmas
Following Bates et al. 12 one can define a quasistationary state condition by equating to zero all master Eq. (1), but that relative to the ground state drii/dt^O for 2.
We then obtain a linear system of equations that can be solved taking the ground state (nt) and the electron (ne) densities as parameters. The solutions are usually expressed by means of the r0(t) and rj(i) coefficients, which are related to Saha's decrements, bt through
(subscript E refers to equilibrium conditions).
The coefficient r0(j) represents the contribution to the population of the ith level from the continuum of the free electrons, while rx (*') is the correspond-ing contribution by direct excitation from the ground state.
ft is worth noticing that Eq. (3) considers the two low lying excited states 2p 41 D, 2p 4 *S (referred to later as levels 2 and 3 respectively) as the other excited states, despite the fact that their densities do not completely fulfil the condition ni,n3<n1 (5) which is indeed at the basis of Equation (3). To overcome a similar difficulty for a nitrogen plasma, Park defined a quasistationary condition drii/dt = 0 for (6) i. e. the low lying excited states of nitrogen are treated as the ground state. Condition 6 could be applied also to oxygen plasmas and the resultant system of equations then solved taking ni, n.2 , n-3 and ne as parameters.
The definitions of quasistationary (QSS) plasmas by means of Eqs. (3), (6) Values of r0(i) and r1(t) for the states ns 3 S and /ip 3 P, taken as examples, have been reported in Fig. 2 , as a function of the principal quantum number, at different electron densities. The values of r0(i) relative to the ns 3 S sequence are lower than the corresponding results for np 3 P on account of the greater radiative rates of the ns 3 S sequence. Figure  3 shows the behaviour of r0(i) for the ns 5 S states indicating a strong overpopulation of the 3s 5 S state at low ne s, since this level is not radiatively connected with the ground state. In Fig. 3 we have plotted r0(t) values for the rcs 3 S sequence in a thick plasma, in which complete reabsorption has been allowed for the 'transition ns 3 S -2p 4 3 P and for the continuum radiative recombination 0 + ( 4 S) -ns 3 S.
It should be noted the similar behaviour of the ns 3 S and ns°S sequences, as a consequence of the radiative reabsorption along the ns 3 S states.
Collisional Radiative Recombination and Ionization Coefficients
The r0(i) and r1(i) coefficients are useful for a computation of the collisional radiative recombination (a) and ionization (5) 
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Values of a and S for optically thin and thick oxygen plasmas, at different temperatures, have been reported as a function of ne in Figure 4 . It should be interesting to know the time after which Eq. (7) can be Utilized i.e. the time after which y reaches its QSS value. In Fig. 5 we have reported the y values obtained by solving the system of differential equations 6 , together with the corresponding QSS value obtained in this work. One can note that the times necessary to achieve a QSS condition are of the order of 10~8 and 10 _7 sec for ne = 10 14 and 10 12 cm -3 respectively.
The accuracy of the calculated a and S values relies on i) the adopted energy diagram ii) the role played by the forbidden transitions iii) the role of low lying excited states iiii) the choice of the collisional cross sections for the allowed transitions.
As for point i) we can say that a more complicated energy diagram could in principle be used, however errors in the corresponding cross sections would probable compensate for the improvement in the energy diagram. Moreover a recent study on quasistationary hydrogen plasmas in the same conditions of temperature and electron densities has shown that the principal quantum number 10 can . ne = 10i^ciTKi. be considered as a practical cut-off level for truncating the system of linear equations 13 .
In Fig. 6 the neglection of the forbidden collisional transitions has a strong effect (up to a factor 4) on the collisional-radiative ionization coefficients S, while a minor influence (up to 50%) is found on the collisional-radiative recombination coefficient a. As for the role of levels 2 and 3, this can be deduced from A general property of the two formulas is their prediction of large cross sections for transitions corresponding to small energy gaps.
Comparison with Other Authors
It should interesting to compare the present re- The level 3s' 1 D°, infact tends to depopulate the levels 4d 5 D, 3s 3 S and 5s 5 S populating by an optically radiative transition the level 2p 4 *D. Figure 10 gives a comparison of the present a values with those of Ref. 5 , showing a satisfactory agreement in spite of the different methods used in the two calculations. It should also be noted that the observations of Julienne et al. i.e., that the non L.T.E. properties oxygen plasmas practically do not depend on the forbidden collisional transitions and on the two low lying excited states, are true for recombining oxygen plasmas at low electron densities (10 8 -10 12 cm"" 3 ). This behaviour is also found in our plasmas, as can be appreciated from Fig. 7 for the a coefficients. As the electron density increases, the a values become however sensitive to the forbidden transitions and to the low lying excited states.
The situation is completely different for the coefficient S, which strongly depends on the forbidden transitions and on the two low lying excited states, as discussed before. These coefficients have not been calculated, however, by Julienne et al., because these authors were interested only into recombining plasmas.
Conclusions
In the present paper we have discussed several problems arising in the calculation of non L.T.E. properties of atomic oxygen plasmas.
Jn particular we have stressed the importance of the allowed and forbidden collisional transitions and of the two low lying excited states of oxygen atoms in affecting such properties. The satisfactory agreement observed between the present results and the corresponding experimental ones indicate that any theoretical determination of non L.T.E. properties should include as relevant species in the oxygen plasma the two low lying excited states as well as the states 3s' 1 D° and 3s' 3 D°. Future improvement of the collisional cross sections should yield a better agreement between theory and experiments.
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